The frequencies of prior cardiovascular abnormalities were compared in 117 stroke patients and 234 control subjects. All were residents of a retirement community who had been examined initially and followed in the local medical clinic before the strokes occurred. Cases and controls were matched for age, sex, length of residence, and blood pressure.
Prior coronary, rheumatic, and hypertensive heart disease were all more frequent in cases than in controls, as were cardiac enlargement, congestive heart failure, and digitalis therapy. There was a stronger association of stroke with atrial fibrillation than with other cardiac abnormalities, suggesting that atrial fibrillation in the elderly is an important precursor of stroke and should not be regarded lightly.
Aortic calcification and intermittent claudication were also more frequent among the stroke cases than the controls. Since the blood pressures of cases and controls were matched, the association of both cardiac disease and noncerebral atherosclerosis with stroke is independent of blood pressure and is not attributable to the fact that hypertension predisposes to all of these conditions.
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Coronary heart disease Hypertension Epidemiology Atherosclerosis Atrial fibrillation ALTHOUGH a thorough understanding of the etiology of the various types of stroke has not yet been attained, certain predisposing factors have already been identified with reasonable certainty. Clinically, hypertension has long been found in association with both hemorrhagic and thrombotic strokes.1 Recent epidemiologic studies have confirmed this finding in large population groups.2A The presence of cardiac disease and impaired cardiac function also appears to predispose to the development of thrombotic strokes.2 A further association between thrombotic strokes and atherosclerotic diseases elsewhere in the body, such as myocardial infarction and intermittent claudication,5 is consistent with the view that cerebral atherosclerosis is part of a generalized vascular change. However, the contrasting high incidence of stroke and low incidence of coronary heart disease in Japan6 suggest a dissociation between stroke and coronary heart disease, particularly in view of recent evidence that the majority of strokes among the Japanese may be thrombotic rather than hemorrhagic, as was previously thought.7 8 Furthermore, differences in degree of atherosclerosis in cerebral as contrasted to other arteries are often seen at autopsy.9 The preponderant evidence would suggest, though, that clinical manifestations of atherosclerosis elsewhere in the body indicate an increased likelihood of subsequent stroke.
Since hypertension contributes to the development of cardiac disease and of atherosclerosis elsewhere,5 the observed relationship of stroke to the latter conditions might possibly be explained by hypertension as a factor common to all. Thus it seemed important to determine whether the association of stroke with cardiac disease and with atherosclerosis elsewhere would still be found, when the possible common factor, high blood pressure, is taken into account.
A prospective population study of stroke and other cardiovascular disease is in progress at the Leisure World Retirement Community, Seal Beach, California. The relationship of attributes measured at the initial medical examination to subsequent stroke incidence has already been reported. 10 The present study was carried out in order to examine in detail the relationship of stroke to cardiac disease and to atherosclerosis elsewhere in the body, with the common factor, hypertension, controlled. This study is based on a comparison of the medical records of 117 persons who developed their first strokes while residing in the community with the records of a control group of 234 residents, matched with the stroke cases for age, sex, length of residence, and blood pressure. The attributes and medical experience were obtained from both the initial examination and subsequent medical records prior to the stroke date. Method The Leisure World Retirement Community, Seal Beach, California, opened early in 1962. Most of the residents have been middle-aged and elderly, the minimum age required for entry into the community being 52 years for at least one member of the household. When If of longer or uncertain duration, the stroke was classified as a cerebral thrombosis, essentially a diagnosis of exclusion. Seventy (59.8%) were so classified. No cases with the typical clinical history of subarachnoid hemorrhage were found in the present group. As with the case fatality rate, the frequency of hemorrhagic strokes is low in a population study as compared with a hospital study, where the more severely ill patients gravitate.
A control group was selected to match the cases with respect to age, sex, initial blood pressure, and duration of postexamination experience prior to the stroke date. Two controls were selected for each case, one by going forward and one by going backward in the record number system. (The assignment of record numbers was approximately in chronological order of moving into the community.)
The first subject encountered, who was of the same sex, who had not died or moved out by the time the case's stroke occurred, who did not have a stroke by December 31, 1965, whose date of birth was within the same 5-year interval (previously defined, e.g., 1890-94, whose date of initial medical examination was within the same 3-month interval (e.g., JanuaryMarch, 1963), and whose systolic blood pressure at entry was in the same 10 mm range (e.g., 140 to 149), was used. For cases for which it was difficult to find matched controls it was sometimes necessary to select both controls from the same side of the case in the number system. If this still did not yield two controls, the limits were relaxed slightly (e.g., control with blood pressure of 136 used for a case with blood pressure of 140).
The medical records of all cases and controls were reviewed in a uniform fashion, and the attributes to be compared were taken both from the initial examination and the subsequent medical follow-up prior to the stroke date for each case, the same cut-off date being used for the two controls. If transient ischemic attacks preceded a thrombosis during the observation period, the stroke date and diagnosis used were those of the thrombosis. Cardiac diagnoses and electrocardiographic and x-ray readings by the Leisure World physicians were accepted as stated in the records.
Significance tests for study factors were derived by extending the test for matched samples described elsewhere1l to the present situation of two controls per case.
Results

Matched. Attributes
The adequacy of the matching procedure may be judged by comparing the resulting control group and the stroke cases with respect to the matched characteristics (table   1) . The proportions of men and women were exactly the same for the two groups. The mean age at initial examination was 71.3 years for the cases and 71.4 for the controls. Similar intervals between the initial examination and the stroke date were obtained: 14.4 months on the average for the cases, and 14.8 months for the controls.
The matching for blood pressure was carried out using only the initial systolic blood pressure. The mean for the cases was 171.5 mm Hg; that for the controls, 170.9 mm Hg. There was a slight difference in the initial diastolic blood pressures found in the two groups. The cases had a mean of 92.0 mm Hg; the controls had mean of 89.2. This small difference reflects the imperfect correlation between systolic and diastolic blood pressure. While statistically significant, the magnitude of the difference seems insufficient to account for the marked differences in cardiovascular status that will be presented subsequently.
The last blood pressure in the medical record before the stroke date was also noted, to sample more of the subjects' blood pressure experience. In some instances, of course, the last blood pressure before the stroke was the initial blood pressure. Good agreement between the cases and controls was noted for both the mean last systolic and mean last diastolic pressures ( Evidence of cardiac enlargement was also sought. Twenty-six and five-tenths percent of cases of stroke had definite enlargement on initial chest x-ray as compared to 19.2% of controls. For men, the relative differences were more striking, the respective percentages being 9.3% and 4.6%; but this two-fold ratio was reduced when the total group was viewed, because of the predominance of women among those with x-ray cardiac enlargement and the small difference between female cases and controls. On the initial electrocardiogram, left ventricular hypertrophy was present in 7.7% of cases and 4.7% of controls. As with the diagnosis of hypertensive heart disease, the difference among men (11.1% versus 3.7%) essentially accounted for the entire group difference.
Congestive heart failure had been diagnosed much more frequently among stroke cases, 19.7%, than among control subjects, 6 .4%. This approximate three-fold difference was also found for the percentages of subjects and controls who had been on digitalis therapy for at least part of their period of observation, 27.4% versus 9.8%.
Atrial fibrillation during at least part of the observation period prior to the stroke date was much more frequent among stroke The association of cardiac abnormalities with subsequent stroke was generally found to a similar degree in both men and women, even though there were sex differences in the prevalence of certain diseases such as coronary heart disease. For example, while angina pectoris was found in 22.2% of male strokes and in 12.7% of female strokes the controls manifested angina pectoris slightly over half as frequently as the cases in each sex. Some exceptions to this male-female similarity have already been mentioned. The association of stroke with cardiac enlargement and hypertensive heart disease occurred primarily in men. Another sex difference noted was that for rheumatic heart disease, which was three and one-half times as common among female strokes as female controls (11.1% versus 3.2%) and only twice as common among male strokes as controls (1.9% versus 0.9%). Since there were only two men with rheumatic heart disease, one case and one control, small numbers make these percentages unreliable.
Evidences of Noncerebral Atherosclerosis
The association between stroke and manifestations of coronary atherosclerosis has already been described. A greater frequency of aortic calcification on chest x-ray was also noted among strokes (41.9%) than among the controls (27.4%). Intermittent claudication was found in 7.7% of strokes and 2.1% of controls, the difference largely accounted for by the men (13.0% versus 1.9%) (table 2). Thus in our study group, stroke was more likely to occur in persons with evidence of atherosclerosis in the aorta and in the coronary and lower extremity arteries. During the record review it was noted that more of the stroke cases (33.3%) than of the controls (26.1%) were on antihypertensive therapy at entry. This suggested a possible bias in the blood pressure matching. Perhaps the average blood pressure of the stroke cases would have been higher than that of the controls had antihypertensive therapy not been given to more of the case group. To determine whether this difference in antihypertensive therapy affected the case-control comparisons, these were repeated in a subgroup composed of all cases and their controls, where neither the case nor either of his two controls were on antihypertensive therapy at entry. This subgroup of 46 cases and 92 controls contained equal numbers of men and women and, as compared with the total study group, was, on the average, 2 years younger and about 10 mm lower in systolic blood pressure. Most of the differences noted between all cases and controls were found to approximately the same degree when the study group was restricted in this manner to those case-control triads not on antihypertensive therapy at entry (table 3) . If one also divided all cases and controls into two groups, those on and those off 
Discussion
While the association of cardiac disease with stroke has been recognized clinically for years and, recently, in some epidemiologic studies as well, to our knowledge it has never been clearly shown that hypertension, which predisposes to both stroke and cardiac impairment, was not ultimately responsible for this apparent relationship. By selecting our controls so that they were matched with the cases for blood pressure, this possible confounding factor was eliminated from the analysis. It was of great interest, therefore, that, by and large, all evidences of cardiac disease examined were more frequent among the stroke cases than among their controls. It would appear likely that some causal relationship is involved since the cardiac abnormalities preceded the stroke and physiologic mechanisms connecting heart disease and stroke can be postulated. It has been suggested frequently that diminished cardiac output decreases the circulation to the brain and might favor the development of ischemic infarction, where the local cerebral circulation was already compromised. 12 The development of a thrombus in a cerebral vessel might similarly be favored.
The finding of an association between stroke and manifestations of atherosclerosis in the coronary arteries, aorta, and lower extremities in this analysis suggests that hyCirculation, Volume XXXVIII, September 1968 pertension is not solely responsible for these relationships, either. It appears that atherosclerosis is a generalized process, even though certain vessels may be affected earlier or more severely than others.
Two possible biases in the blood pressure matching became apparent during subsequent data analysis. A larger proportion of the stroke cases than of the controls were on antihypertensive therapy at the time of the blood pressure measurement, so the basic untreated blood pressure of the case group was probably somewhat higher, on the average, than that of the control group. When the analysis was repeated, excluding the cases on antihypertensive therapy at entry and their controls, the association of stroke with cardiac abnormalities was still apparent. Thus, this bias did not account for the observed relationship. The other possibility of bias lay in the statistically significant discrepancy in the initial diastolic blood pressure of cases and controls. Statistical significance does not imply biologic significance and a difference of 2.8 mm in mean diastolic pressure would seem insufficient to produce twoand three-fold differences in the frequency of cardiovascular abnormalities. Available insurance data on the effects of differences in diastolic pressure with systolic held constant, deal with subsequent mortality rather than cardiovascular disease prevalence. Differences in mortality much smaller than two-fold were usually noted with even larger increments in diastolic blood pressure. 13 One cannot be sure that some of the blood pressures of the case group were not elevated for a longer period of time than those of the controls or that they were not on the average higher at some crucial early age, if there be such. Thus, an investigation similar to this should be carried out in the context of a long-term follow-up of subjects first examined earlier in life.
The strongest association found between stroke and a prior cardiovascular abnormality was with atrial fibrillation, since the stroke cases had this arrhythmia about six times as frequently as the controls. Because Considering the relationship of atrial fibrillation to stroke it is of interest to note that the other common arrhythmia in these subjects, premature contractions, was found equally often in cases and controls. Hence, just the presence of any arrhythmia was not the important predisposing factor. Nor can it be concluded that atrial fibrillation merely reflected the underlying heart disease in predisposing to stroke, since the six-fold difference in percentage between cases and controls found with atrial fibrillation was appreciably larger than the two-or threefold difference found with other manifestations of heart disease. Further subclassification of persons with atrial fibrillation showed that atrial fibrillation in the absence of myocardial infarction, congestive heart failure, or rheumatic heart disease was strongly associated with stroke. This excluded the possibility that for atrial fibrillation to predispose to stroke it must be accompanied by severe cardiac disease, such as congestive heart failure or previous myocardial infarction or by the valvular changes of rheumatic heart disease. The Before one can make the therapeutic recommendation that a vigorous attempt should be made to convert atrial fibrillation to normal sinus rhythm in all persons, a further evaluation is needed of (1) the risks both of conversion and of therapy needed to maintain normal sinus rhythm, (2) the difficulty of maintaining normal sinus rhythm for a long period of time following conversion, and (3) the dangers of allowing atrial fibrillation to continue. All these considerations must be weighed together to reach a decision, individualized to each patient. The findCirculation, Volume XXXVIII, September 1968 ings presented here do tend to support those advocating vigorous attempts at conversion, and argue against complacency when viewing atrial fibrillation in the elderly.
